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Abstract 
Transverse crack is a common occurrence present in over simply supported shaft. The development of crack in a shaft is leads to 
catastrophic failure, which will affect the dynamic behavior such a local stiffness and stress intensity factor of the given shaft. 
The change in stiffness and stress intensity factor will lead to change in eigenfrequency with their mode shapes at different crack 
location and depth.In the present study a methodology is applied for detecting multi crack with its location and size due to 
transverse crack at same angular position along longitudinal direction at different slenderness ratioThe shaft is subjected to both 
axial and bending load. The behavior of the shaft in presence of two transverse cracks subjected to are observed by taking basic 
parameters such as non-dimensional depth (bi/D), non-dimensional length (Li/L) and three relative natural frequencies with their 
relative mode shapes. The compliance matrix is calculated from stress intensity factor for two degrees of freedom. The 
compliance matrix is a function of crack parameters such as depth and location of crack. The three relative natural frequencies 
and their mode shapes at different location and depth obtained analytical. In the Present Research, the method of validating 
results for crack location and depth with its intensity in using Genetic algorithm. At the beginning, theoretical analyses have been 
outlined for determining crack parameters and feed the same to trend up GA. The proposed theoretical approach has been 
verified by comparing with the results obtained from GA. 
© 2014 The Authors.Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the GokarajuRangaraju Institute of Engineering and Technology (GRIET). 
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1. Introduction 
Cracks in vibrating component can initiate and catastrophic failures. The presence of cracks changes the physical 
characteristics of a structure, which in turn alter its dynamic response characteristics. In the field of research fault 
Diagnosis of damaged structures has been carried out for last few decades across the globe.  
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Several non-destructive techniques and health monitoring system for damaged diagnosis has been proposed with 
higher computational time and less accuracy. Crack depth and location are the main parameters for the vibration 
analysis. So it becomes very important to monitor the changes in the response parameters of the structure to access 
structural integrity, performance and safety. Ariaei et al. have calculated the dynamic response of a cracked beam 
with moving masses using DET and FEM techniques. Kawchuk etal. have presented a method to identify crack in 
the spine using neural network technique. Panigrahi etal. have used adaptive bacterial foraging algorithm and AI 
technique for monitoring power system. Hossain et al. have presented an investigation into the comparative 
performance of intelligent system like genetic algorithms (GA) and adaptive neuro-fuzzy inference system (ANFIS) 
algorithms for identification of fault in an active vibration control (AVC) system. A comparative performance of the 
method is presented and discussed through a set of experimental resulted. The local effect of softening at the crack 
location can be simulated by an equivalent spring connecting the two segments of the beam as investigated by Wang 
et al. They used the transfer matrix method in conjunction with the Bernoulli-Euler theories of beam vibration, 
fracture mechanics principle to derive characteristic equation to determine the natural frequencies. Damage in a 
cracked structure has been verified using genetic algorithm technique by Taghi. M (2008),Jajneswar Nanda (2013). 
They presented a cantilever beam to determine the natural frequency through numerical method. To monitor the 
possible changes they utilized genetic algorithm. Zheng et al. have presented a method based on finite element 
analysis for detection of cracked structural. New hybrid models presentedby R.A Saeed (2012), Jajneswar Nanda 
(2013) using Artificial Neural Network (ANN) and multiple adaptive neuro fuzzy interface system (MANFIS) for 
crack diagnosis in the curvilinear beams and shaft using changes in vibration parameter . 
 
Nomenclature 
A = cross-sectional area of the shaft 
Ai , (i = 1to 18) = unknown coefficients of matrix  
D = diameter of the shaft 
bi, (i = 1, 2 …) =  depth of crack 
Li , (I = 1, 2…) = location of the crack from one of 
the fixed end. 
Pi, (i = 1, 2) = experimentally determined 
function 
Fi, (i = 1, 2) = axial force (i = 1), bending 
moment (i = 2) 
Je = strain-energy release rate 
E = young’s modulus of elasticity of 
the shaft material 
a = width of the crack 
Ci,j, (i =1,2,3) = stress intensity factor 
Si,j, (i =1,2,3) = elements of the compliance 
matrix 
w  = height of the rectangular strip 
i = variable 
j = variable 
I = moment of inertia 
Mi, (I = 1…8) = compliance constant 
Mi,j = i
j
M
M
 
Ri(i = 1,2…12) = variable in Q matrix 
Q = system matrix 
Ti = period of vibration 
β = i
L
L
location of crack of the shaft 
h = coordinate of the crack surface 
Φ = coordinate of the crack surface 
ν = Poisson ratio 
ρ = density of crack surface 
ω = angular velocity of the shaft 
( ̕) = 
x
w
w dimension less variables. 
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L
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P = Aρ 
inf = relative first natural frequency 
mnf = relative second natural frequency 
fnf = relative third natural frequency 
amd = average relative first mode shape 
difference 
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vi, (i =1,2,3) = normal function 
x = coordinate of the shaft 
y = coordinate of the shaft 
α = i
b
D
, depth of crack of the shaft 
 
bmd = average relative second mode shape 
difference 
cmd = average relative third mode shape 
difference 
 = for every 
 
 
2. Theoretical analyses of shaft 
With the help of linear fracture mechanics theory, taking strain energy release rate and stress intensity factor, the 
natural frequencies and mode shapes of steel cracked shaft (simply supported) calculated as follows. 
 
2.1 Estimation of local flexibility of damaged shaft under axial and bending load 
Fig. 1 represents a multi cracked simply supported shaft of diameter D. The presence of transverse surface crack of 
depth b1 and b2 at two locations L1 and L2 from one of the hinged end introduced a coupling effect producing both 
longitudinal and transverse motion of the shaft. The shaft is subjected to axial Force F1 and bending force F2 as 
shown in Fig. 1. Due to presence of crack, a local flexibility will be interposed with the order of 2 x 2 matrix. Fig. 2 
represents the position of crack positionfrom hinged end. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Crack model      Fig. 3. Geometry of cracked 
 
      
 
 
Figure 1. Shaft with multiple cracks  
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Taking strain energy release  rate at fraction section & considering plain stress and strain condition, the stress 
intensity factor C11, C12 mode I (opening of the crack) for load F1 and F2 can be calculated  respectively,Where γ is 
the Poisson ratio and E is the Young’s modules of elasticity. The values of Local stiffness factor from earlier studies 
calculated by taking the rectangular strip dΦ as given in Fig. 3. 
Height of the element 2 22 (R )w I  Depth of crack 2 (R b)h w    
 
1 2
11 1 12 22 4
2,F Fh hC h P C w h P
R w R w
S SS S
§ · § ·§ · § ·  u¨ ¸ ¨ ¸¨ ¸ ¨ ¸© ¹ © ¹© ¹ © ¹   (1)
 
The experimental determined functions 1 2& ( )
h hp p
w w
§ ·¨ ¸© ¹  from fracture mechanics is used to calculate of the 
stress intensity factors C11 and C12.Strain energy due to crack can be calculated from Castiglione’s theorem  which is 
a additional displacement along the force Fi. Energy density function eJ is the rate of change of depth (h) of crack 
given in fig.3.Byintegrating the energy density function eJ with respect to force Fi, we get flexibility influence co-
efficient Sijwhich is the rate of change of additional force along displacement. Thus we gate 11S , 21S , 12S , 22S  
  
Where  
 
The local stiffness matrix Cijcan be obtained by taking the inversion of compliance matrix Sij. 
1
11 12 11 12
21 22 21 22
C C S S
C
C C S S
ª º ª º  « » « »¬ ¼ ¬ ¼        (2) 
 
The stiffness matrix for the first and second crack location (Fig. 3) can be obtained as follows. 
First crack location  
1
11 12 11 12
21 22 21 22
C C S S
C
C C S S
ª º ª º  « » « »¬ ¼ ¬ ¼  (3)
 
Second crack location 
1
11 12 11 12
21 22 21 22
C C S S
C
C C S S
ª º ª º« » « »  « » « »¬ ¼ ¬ ¼  (4)
 
 
 
 
 
 
 
 
 
 
 
 
 
Variation of dimensionless compliance with respect to relative crack depth β has been shown in Fig. 4. It indicates 
that the dimensionless compliance increases with increasing relative crack depth. 
2.2 Formulation of mode shape and displacement for the cracked shaft   
, , ,h h ah a
R w R R
IE I    
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A steel shaft of length ‘L’ diameter ‘D’ with a crack of depth b1 and b2 taken at a distance of L1 and L2 from one of 
the fixed end.v1(x, t), v2 (x, t) and v3 (x, t) are taken as the amplitudes of longitudinal vibration for the section-
1,section-2 and section-3 respectively. Similarly, the amplitude of bending vibration for the respective sections are 
y1(x, t), y2(x, t), y3(x, t). 
The normal function of the following crack sections for the given system can be expressed as follows:  
     1 1 2cos sinv vv x A C x A C x         (5)      2 3 4cos sinv vv x A C x A C x         (6) 
      3 5 6cos sinv vv x A C x A C x         (7) 
 1 7 8 9 10( ) cosh( ) sinh( ) cos( ) sin( )y y y yy x A C x A C x A C x A C x       (8) 
 2 11 12 13 14( ) cosh( ) sinh( ) cos( ) sin( )y y y yy x A C x A C x A C x A C x       (9) 
 3 15 16 17 18( ) cosh( ) sinh( ) cos( ) sin( )y y y yy x A C x A C x A C x A C x       (10) 
Where 1 21 2, , , ,
L Lx v yx v y
L L L L L
D D      
1/21/2 1/22
, , , ,v v y y
v y
L E L EIC S C S A
C S
Z Z P UU P
§ ·§ · § ·     ¨ ¸¨ ¸ ¨ ¸¨ ¸© ¹ © ¹© ¹
 
Ai (i = 1, 18) Constants are to be determined from boundary conditionsfor the simply supported shaft taking 
different slenderness ratio.  
They are 
(1) Displacement at hinge and roller  (2) Slope at hinge and roller  
(3) Displacement at crack location-1  (4) Displacement at crack location-2 
(5) Force balance at crack location-1  (6) Force balance at crack location-2 
(7) Moment balance at crack location-1  (8) Moment balance at crack location-2 
The normal functions along with the boundary conditions as mentioned above, yield the characteristic equation of 
the system as: |Q| = 0 Where Q is the order of  matrix 18 x 18 
This determinant is a function of natural frequency is (ω) the relative crack location (α1, α2) and the local stiffness 
matrix ‘C’ which in turn is a function of the relative crack depth (β1, β2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5b. Relative amplitude vs. distance from the 
hinge end (2ndMode of vibration) L1/L=0.1,
Fig.5a.Relative amplitude vs. distance from 
the hinge end (1stMode of vibration) 
L1/L=0.1, L2/L= 0.8, b1/D = 0.1, b2/D = 0.1    
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3. Analysis of the genetic algorithm method for crack detection 
3.1 Basis for use of GA for multiple crack detection 
A genetic algorithm is known as multi optimizing technique used for various applications. The different processes in 
the operation cycle are given in the fig. 6. The first three relative natural frequencies, with theirrelative mode shape 
difference of the cracked shaft along with the relative crack locations and depths withdifferent slenderness 
ratioobtained analytically.These data are used to train the GA model for crack diagnosis. In the current analysis, GA 
method is used to find the optimal solution by minimizing the objective function based on relative natural 
frequencies and average relative mode shape differences. The basic operations of GAs, in the context of multiple 
crack detection, are briefly discussed in the following section. 
 
 
 
 
 
 
 
 
 
 
Step 1: Formulation of objective function and selection of variables 
The objective function is basically a mathematical equation and it generates outputs for a set of input variables of a 
chromosome. The chromosomes are known as genes. In the current analysis, the chromosomes consists of ten 
numbers of variables (genes) representing relative first natural frequency (inf), relative second natural frequency 
(mnf), relative third natural frequency (fnf), average relative three mode shapes difference with their crack locations 
and depths 
Chromosome= [inf, mnf, fnf, amd, bmd, cmd,α1, β1, α2, β2] 
The objective function can be written as Objective function (α1,β1, α2,β2) = 
[(inffild – infx1, i)2 + (mnffild – mnfx1, i)2 + (fnffild – fnfx1, i)2 + (fnffild – fnfx1, i)2 +  
(amdfild – amdx1, i)2 + (bmdfild – bmdx1, i)2 + (cmdfild – cmdx1, i)2]0.5                  (11) 
inffld= Relative first natural frequency of the field  infx= Relative first natural frequency 
mnffld= Relative second natural frequency of the field  mnfx = Relative second natural frequency 
fnffld = Relative third natural frequency of the field  fnfx = Relative third natural frequency  
amdfld = Average relative 1stmode shape of the field  amdx = Average relative 1stmode shape  
bmdfld = Average relative 2ndmode shape of the field  bmdx = Relative average 2ndmode shape  
cmdfld = Average relative 3rd mode shape of the field  cmdx = Average relative 3rdmode shape  
i= number of iterations 
Fig.5c.Relative amplitude vs. distance from the 
hinge end (3rdMode of vibration) L1/L=0.1, L2/L=
0.8, b1/D = 0.1, b2/D = 0.1                          
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Start Inputs Finding the fittest parent from data pool using 
objective function 
Crossover/Mutation of 
parents to find off 
springs 
Fitness evaluation 
of off springs using 
objectivefunction 
Evaluation of output 
from the off springs 
and parents 
Update of data pool 
as required 
Want to continue 
End 
Yes 
No 
Fig. 6 The flow chart for GA model 
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The minimized value of the objective function will give the optimal solution with in the search space. 
Step 2: The initial data pool 
The computed values of the relative first natural frequency (fnf), relative second natural frequency (snf), relative 
third natural frequency (tnf), average relative first mode shape (fmd), average relative second mode shape (smd), 
average relative third mode shape (tmd), relative crack location 1, relative crack location 2, relative crack depth 1, 
relative crack depth 2 from theoretical, finite element and experimental analysis are used to create the initial data 
pool of predetermined size.  
The initial population with size n can be presented as follows: 
Initial Population = <P1, P2,…,Pn> 
Each structure have the elements p (i, j) which aresimply an integer string of length L, in general. 
Each population members have 10-sets of genes which are represented by Element numbers 1 to 10. 
   P1= { p1, 1  p1, 2   p1, 3   p1, 4   p1, 5     p1, 6   p1, 7  p1, 8    p1, 9   p1, 10   } 
      …………………………………………………………………....... 
Pn= {  p n, 1  p n, 2  p n, 3  p n, 4  p n, 5  p n, 6  p n, 7  p n, 8  p n, 9   p n, 10   } 
Step 3: Evaluation and selection of best fit chromosome: 
To find the optimal solution, the GA model processes the inputs (field data) and generates output. The output 
parameters are compared with the chromosomes of the initial data pool and the best fit chromosome is selected as 
optimal solution or two best fit chromosomes are selected as parents for reproduction discarding the rest of the 
chromosomes with in the search space. 
Step 4: Analysis of cross over operation: 
In the current analysis, the developed GA technique uses the crossover operation of gene information leads to 
calculate inf, mnf, fnf, amd, bmd, cmd, α1, β1, α2, β2.  
Step 5 : Analysis of mutation 
In the present work, a new set for inf, mnf, fnf, amd, bmd, cmd, (α1)interim, (β1) interim, (α2) interim, (β2) interim. are produced 
from the mutation process by changing the sequence of binary code of the genes.  
The best fit chromosome is checked for every generation and the if the outputs reaches a predefined value then the 
algorithm stops finding for the optimal solution from the search space and displays the best solution 
 
Table 1Comparison of results between Theoretical & GA 
 
Relative 
first 
natural  
frequenc
y “inf” 
Relative 
second 
natural  
frequen
cy 
“mnf” 
Relative 
third 
natural  
frequen
cy “fnf” 
Average 
Relative 
1st mode 
shape 
differen
ce 
“amd” 
Average 
Relative 
2ndmode 
shape 
differen
ce 
“bmd” 
Average 
Relative 
3rdmode 
shape 
differen
ce 
“cmd” 
Numerical  analysis 
relative 
1st crack location “α1” 
1st crack depth “β1” 
2nd crack location“ α2” 
2nd crack depth “ β2”, 
Output of GA model with percentage error for L/D ratio 
25 
Output of GA model % error from GA model 
α1 β1 α2 β2 α3 β3 α4 β4 α3 β3 α4 β4 
0.996 0.999 0.998 0.030 0.031 0.085 0.102 0.101 0.106 0.198 0.099 0.099 0.104 0.193 2.6 1.7 1.8 2.2 
0.985 0.998 0.991 0.029 0.031 0.085 0.200 0.102 0.201 0.197 0.197 0.100 0.195 0.192 1.5 1.6 2.5 2.4 
0.981 0.992 0.994 0.028 0.030 0.085 0.308 0.117 0.306 0.196 0.300 0.114 0.299 0.192 2.4 1.9 2.1 1.9 
0.965 0.982 0.993 0.025 0.029 0.085 0.400 0.097 0.396 0.199 0.396 0.094 0.385 0.195 1.6 2.8 2.7 1.8 
0.991 0.999 0.991 0.030 0.025 0.066 0.099 0.196 0.203 0.397 0.098 0.191 0.199 0.387 0.6 2.3 2.0 2.3 
 
5. Discussion 
From the analysis of the results obtained from the different techniques for crack diagnosis in the current paper. It is 
observed that the presence of cracks on the structure Fig. 1 have a substantial affect on its vibration response. The 
variations of dimensionless compliance with the relative crack depth have been presented in Fig. 4. The effects of 
cracks on the first three mode shapes of the shaft structure have been presented in Fig. 5. From the 1st mode of 
vibration for a given crack location and depth the mode shape decreases as the slenderness ratio increases (fig. 5a). 
In the 2nd mode of vibration the amplitude is more when slenderness ratio is 40 and at least when slenderness ratio is 
at 45 (fig. 5b). In case of 3rd mode of vibration as the slenderness ratio increases the amplitude is also increases (fig. 
5c). Fig. 5d represents a relation between all three Eigen frequencies with the slenderness ratio. It has been observed 
that the slenderness ratio increases with decreasing all three natural frequencies. But in 3rd natural frequencies the 
rate of decreasing is more in comparison to 1st and 2nd natural frequencies. A comparison of results from GA model 
with numerical analysis is presented in Table 1with percentage of error. 
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6. Conclusions 
In this paper, a on line methods GA technique is applied to help detection of crack location and depth in a simply 
supported shaft at different slenderness ratio. The vibration parameters of the cracked shaft are calculated using the 
theoretical analysis. Relative changes in natural frequencies with their mode shapes due to presence of multi crack 
are effectively used to predict structural damage detection using GA technique. Comparisons of results from GA 
technique and numerical analysis have been carried out for a given slenderness ratio and can be extended to study 
for other shaft. The results show a very good agreement with Analytical result having average error of 2.45%.Based 
on the present study the identification of crack location with its depth can be extended for other simply supported 
shaft with different slenderness ratio.The present method can also be applied to a beam of different width and 
breadth forecasting the natural frequencies. This method is simple and can be easily extended to complex structure 
with different orientation of multiple cracks. 
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